There is a history for the use of in vitro bioassays to assess the toxicological properties of mainstream cigarette smoke (MSS). The results described in the literature were, for the most part, obtained with MSS collected under FTC (or ISO conditions). However, numerous studies have shown that smokers smoke their cigarettes more intensely (e.g., they take larger puffs and/or more frequent puffs and/or partially occlude filter ventilation) than they are smoked on smoking machines operated under FTC (or ISO) conditions. It has also been reported that MSS composition changes with changes in smoking conditions. Furthermore, some governmental agencies have adopted regulations that specify more intensive protocols (i.e., Health Canada Intensive, HCI) for the collection of MSS for in vitro toxicological assays. Consequently, the performance of the Ames assay (TA98+S9, TA100+S9) and NRU assay under ISO and HCI protocols was studied with two blended (KR1R4F/KR2R4F, KR1R5F) and one flue-cured (CIM-7) reference cigarettes. The main outcome was when results were reported on a per milligram TPM basis, TPM (that portion of the mainstream smoke which is trapped in the smoke trap, expressed as milligrams per cigarette) generated under ISO conditions was more mutagenic and more cytotoxic than was TPM generated under HCI conditions. However, the decrease in biological activity could not be explained only by the increased in the water content of the TPM on going from ISO to HCI smoking conditions and the results may be influenced by differences in smoke chemistry as a result of differing smoke collection systems.
Introduction
There has been increased interest in assessing the toxicological properties of mainstream cigarette smoke (MSS). Such assessments have used smoke chemistry and one or more bioassays of whole smoke or smoke fractions. In vitro bioassays generally are more practical and cost effective than in vivo ones. In vitro assays include those for genotoxicity [e.g., mutagenicity (Ames Salmonella reverse mutagenicity assay), clastogenicity (in vitro micronucleus assay)] and cytotoxicity (Neutral red uptake assay, NRU). The rationale for using in vitro assays is that they may respond to toxicants and/or combinations of toxicants that would be missed by determination of specific smoke components. This work focuses on use of the Ames and NRU assays and how the results from these assays can be affected by changes in smoking regimen (puff volume, puff frequency, and blocking of filter ventilation).
The Ames assay continues to be used for the toxicological assessment of cigarette mainstream smoke condensate (MSC, a/k/a TPM, that portion of the mainstream smoke which is trapped in the smoke trap, expressed as milligrams per cigarette.). Several governments have specified its use as part of their tobacco control programs (Health Canada, 2004a; DIN, 2004) .
The Ames assay has been used in two studies on the toxicological properties of ingredients added to cigarette tobaccos (Roemer et al., 2002; Baker et al., 2004) . Furthermore, the Ames assay has been used as part of the evaluation of cigarettes that were designed to have the potential to reduce smoking-related diseases (Tewes et al., 2003; Bombick et al., 1997) .
The Ames assay as applied to TPM is generally not a single assay, but a series of assays.
Generally, five Salmonella strains with and without metabolic activation (S9) are used, but there is controversy as to which combinations of strains and metabolic activation are responsive (Lauterbach, 2004) . However, it is generally accepted that TPM from conventional cigarettes is responsive with TA98+S9 and TA100+S9, and that this responsiveness is likely due to nonvolatile, heterocyclic, nitrogen compounds in TPM (DeMarini, 2004) . More recently, it was reported that increasing levels of filter ventilation yield increased specific activity when the cigarettes are smoked according to the US FTC protocol (Steele et al., 1995) . On the other hand, use of smoking regimens that involve more intensive puffing and/or blocking for filter ventilation reduce specific activity (Appleton et al., 2003; Roemer et al., 2004) Furthermore, values reported for the specific activities of the TPM of several reference cigarettes differed though condensate collection and assay procedures were similar.
The NRU assay has become the favored assay for determining the cytotoxicity of TPM, the gas-vapor phase of smoke (GVP) and mixtures of both fractions (Roemer et al., 2004; Baker et al., 2004; Health Canada, 2004b; DIN, 2004; Tewes et al., 2003; Bombick et al., 1997; Bombick et al., 1998) . Cytotoxicity values are typically reported as EC 50 -values, and the units are micrograms of TPM/per mL. Under this convention, less cytotoxic smoke has a higher EC 50 value than does smoke that is more cytotoxic; but differences in procedure and choice of the cell line used may make comparisons of data obtained by different laboratories problematic (Putnam et al., 2002) Much less is known about the cigarette blend and design features that affect the results of NRU assay than is known about similar factors and the Ames assay. Bombick and colleagues reported when they studied the TPM from the Kentucky Reference cigarettes KR2R1, KR1R4F, and KR1R5F there was no significant difference in the cytotoxicities (as measured by the EC 50 -values expressed as g TPM/mL) among the TPM from these three cigarettes even though the blends and designs are considerably different (Bombick et al., 1998; Diana, 1990) . There was a directional change in the EC 50 -values with KR1R4F being most cytotoxic, the KR1R5F the least and the KR2R1 being intermediate. Another finding from that study was that the TPM from upper stalk burley and flue-cured tobaccos were more cytotoxic than TPM from the corresponding lower stalk tobaccos. In addition, Roemer and colleagues reported that the KR1R5F showed different trends in cytotoxicity than did the KY1R4F on going from ISO to Massachusetts smoking (Roemer et al., 2004) .
Because of the apparently disparate results being reported and the fact that there was increasing use of the Ames assay and NRU assays in the regulatory process, we decided it was time to clarify these issues by conducting a systematic study of both types of assays using several reference cigarettes and two smoking conditions.
Materials and methods

Materials
The Canadian industry monitor cigarette (CIM-7) used in this study was prepared from 100% flue-cured tobacco by the Canadian tobacco company, Rothman's Benson & Hedges Inc. and provided free of charge. Kentucky Reference (KR) cigarettes 1R4F and 1R5F were purchased from the Kentucky Tobacco Research and Development Center (formerly known as the Kentucky Tobacco and Health Institute), Lexington, KY 40546-0236 USA. Descriptions and analytical data on the 1R4F and 1R5F were published by Diana (Diana, 1990) . The KR2R4F cigarette was used in place of the KR1R4F in the cytotoxicity studies. This new reference cigarette has been described and characterized (Chen and Moldoveanu, 2003) .
Generation and collection of TPM for the Ames assays
All smoke collections were done with an ISO harmonized Borgwaldt RM-20 CS smoking machine. Cigarettes were conditioned per the latest version of ISO 3402. For the TPM collections done with the Cambridge filter pad (CFP), a 92-mm pad was used. ISO smoking (35/60/2 without blocking of filter ventilation) was carried out in accordance with ISO 4387.
Health Canada Intensive smoking (55/30/2 with complete blocking of filter ventilation) was done in accordance with Health Canada method T-115 (Health Canada, 1999) . A minimum of 200 to 300 mg of TPM was collected for each replicate sample. At the conclusion of smoking, pads were extracted with sufficient dimethylsulfoxide (DMSO, CAS# 67-68-5) by shaking for 20 minutes to give a concentration of approximately 10 mg TPM/mL. This solution was filtered through sterile cheesecloth into 25 mL amber vials. These were stored in a cryogenic freezer (-80 °C) prior to testing. For TPM collections done with the electrostatic precipitator (ESP), the Borgwaldt RM-20 CS smoking machine was fitted with a Borgwaldt central electrostatic smoke trap (ESP unit) using a standard electrode and glass electrostatic precipitation tubes. The smoke trap was connected to a Spellman SL30 power supply set at 17.5 kV with a 0.2 mA current limit.
The trapped particulate matter was extracted from the walls of the ESP tube by adding a known volume of DMSO (to achieve 10 mg TPM/mL DMSO) by placing on the end caps and using a Thermolyne Maxi Mix II. Once the walls were clear of visible TPM, the solution was poured through sterile cheesecloth in order to treat the sample the same as for samples collected on the CFP. As with the case of the TPM samples prepared by the CFP procedure, the samples prepared by the ESP procedure were also stored in a cryogenic freezer (-80 °C) prior to testing.
Generation and collection of cigarette smoke fractions for the NRU assays
Cigarettes were conditioned according to the latest version of ISO 3402. Cigarettes were smoked under ISO conditions as well as under conditions specified in the Health Canada official Method T-502 (Health Canada, 2004b) . A Borgwaldt RM-20/CS smoking machine was used. A sufficient number of cigarettes were smoked to provide minimum 180 mg TPM per 92-mm pad.
Pads were extracted in DMSO by shaking for 20 minutes such that the final concentration of mainstream smoke condensate is 10 mg TPM/mL. This solution was then filtered through sterile cheesecloth. Sample preparations were completed within approximately 35 minutes of sample generation. Gas-vapor phase (GVP) was collected simultaneously with the smoking for the mainstream TPM. The gas-vapor phase, which passes through the filter, was bubbled through ice-cold phosphate buffered saline (PBS) as described by Roemer and co-workers (Roemer et al., 2002) . Since the number of cigarettes smoked was such that minimum 180 mg of TPM was generated, 15 mL of ice-cold PBS was placed into a 70 mL impinger with extra-coarse frit for the collection of GVP. The impinger was kept in an ice bath during smoke collection. Upon completion of smoking and the determination of TPM, the final volume of PBS was adjusted such that the GVP concentration was representative of a 10 mg TPM equivalent/mL PBS within approximately 30 minutes. The measure of dosing in the culture medium referred to the trapped GVP constituents corresponding to the collected TPM. The TPM+GVP sample was prepared by combining the TPM/DMSO fraction with the GVP/PBS fraction in a 1:1 volume ratio within approximately 60 minutes of smoking completion. Since the concentrations per mL solution were equivalent, this represented a 1:1 TPM/mL DMSO to TPM equivalent/mL PBS ratio.
Thus, the TPM+GVP sample was representative of 5 mg TPM/mL + 5 mg TPM equivalent GVP/mL.
Determination of mainstream smoke analytes
Mainstream smoke analytes were determined using the Health Canada methods. These methods are available on the Health Canada web site. The URL for the method index is http://www.hc-sc.gc.ca/hl-vs/tobac-tabac/legislation/reg/indust/method/main-principal/index_e.html .
Ames Salmonella Reverse Mutation Assays
The Ames assays were performed with the same method that has since been adopted by 
NRU Cytotoxicity Assays
These assays were performed with the same method that has since been adopted by Health Canada as Health Canada Official Method T-502, Neutral Red Uptake Assay for Mainstream Tobacco Smoke (Health Canada 2004b). There were three independent smoke collections for each brand style.
Chinese hamster ovary cells were used and were exposed to the smoke fractions for 24-hours prior to treatment with the neutral red dye solution. The smoke fractions were not treated with S-9 prior to assay.
Statistical analyses
Factorial analysis -Ames assay
The observed colony count at a specific TPM dose was considered the response variable, and the factor/level significance was evaluated by means of a multifactor ANOVA analysis (STATGRAPHICS PLUS). The same approach was used in the evaluation of the significance of brand type (3), smoking condition (2), and method of CSC preparation (2) as determinants of mutagenicity.
Dose-response curves -Ames assay
Based on the results from the analysis of variance, homogeneous data sets were pooled and the specific activity determined based on the slope of the linear portion of the dose response curve. This involved fitting the data using polynomial regression and then eliminating dosages that contributed significant curvature to the plot (P <0.05) until a straight line was obtained (Bernstein et al., 1982) . In most cases, this approach resulted in the elimination of the two highest doses (250 and 500 µg/plate) leaving five concentrations for slope determinations (regressions were not forced through the origin). The standard error for the slope was taken as the measure of uncertainty in estimates for specific activities.
Dose-response curves -NRU
The corrected absorbance values were plotted against concentration (g TPM per mL) for each smoke fraction per cigarette sample. EC 50 values were estimated from the logistic regression function fitted to each dose-response curve as described in the Health Canada method.
GRAPHPAD PRISM software was used fitting the logistic regression functions to the doseresponse curves.
Results
Factorial Analyses -Ames assay
With respect to TA98+S9, smoking condition was found to have a highly significant effect (P value <0.005) up to a dose of 250 µg/plate. Cigarette type was a highly significant factor at all dose levels. With respect to cigarette type, the CIM-7 was significantly different from KR1R4F and KR1R5F, but the difference between KR1R4F and KR1R5F was not significant.
Method of TPM collection [Cambridge filter pad (CFP) versus electrostatic smoke precipitator (ESP)] was not a significant factor at any of the dose levels utilized in this experiment. With respect to TA100+S9, smoking condition and cigarette type were significant factors but only for doses between 75 and 500 µg/plate and 100 to 500 µg/plate, respectively. In contrast to the TA98 results, method of condensate collection was found to be significant when colony counts at doses of 250 and 500 µg TPM/plate were examined. However, data from those dose levels were not used in the calculation of specific activities.
Specific Activities -Ames Assay
The specific activity of each of the TPM preparations was taken to be the slope of the linear portion of the dose response curve determined as described earlier. Tables 1A and 1B contain a summary of the results (uncorrected for water content) obtained for all three brands, two methods of TPM collection, and two smoking regimens.
With respect to both TA98 and TA100, method of TPM collection did not have a significant effect on TPM activity with the exception of KR1R5F (TA100, HCI). Consequently, a decision was made to pool the results from the two methods of preparing providing 10 replicates (3 counts per replicate) for subsequent analyses (see Tables 2A and 2B) .
It is clear, from the summary provided in Tables 2A and 2B , that the specific activity of TPM prepared under ISO conditions is greater than that prepared under HCI conditions (P-value <0.05). As expected from the Roemer's work (Roemer et al., 2004) , the TPM from the CIM-7
(an all flue-cured cigarette) was less mutagenic than that obtained from KR1R4F; a blended cigarette typical of those sold in the US (Steele et al., 1995) . Under ISO conditions, the specific activity (TA98+S9 and TA100+S9) of the low yield product, KR1R5F, was greater than that of KR1R4F; but the difference was not statistically significant. A significant reduction in KR1R5F activity (TA98+S9 and TA100+S9) relative to KR1R4F was noted under HCI conditions. A tendency towards increasing activity with decreasing tar has been noted in one large-scale study of commercially available American brands (Steele et al., 1995) . It is difficult to find comparable results reported by others due to the relatively recent usage of intense smoking conditions; most results reported thus far have been obtained under ISO conditions. Table 3 shows our results and those of reported by others for the specific activity of the TPM (TA98+S9, TA100+S9) for the KR1R4F, and these indicates that the results reported here are 'reasonable'.
The wide spread in reported values may be related to differences in the method used to determine the linear portion of the dose-response curves (Roemer et al., 2002; Steele et al., 1995) . The differences in results may also be due to differences in laboratory procedures as well as normal variations in the bacterial strains and the potency of the S-9 preparations.
EC 50 Values -NRU Assay
The EC 50 values for the TPM fractions, the GVP fractions, and the TPM+GVP fractions are shown in Tables 4A, 4B , and 4C, respectively. The 95% confidence lower and upper bounds for the EC 50 values are also shown. Cytotoxicity is likely driven in part by the most cytotoxic components of smoke (Kensler, 1969) . Since the cytotoxicity results presented here have been calculated on a TPM basis (µg TPM/mL of solvent), one might expect change in EC 50 values to follow changes in the concentrations of cytotoxic agents in the TPM. The relevant data on some analytes thought responsible for the cytotoxicity of smoke is shown in Table 5 .
The data in Table 4A show that the cytotoxicity of TPM from all three cigarettes decreased on going from ISO to HCI conditions. What is interesting is that the difference was greatest for the KR1R5F and least for the CIM-7. These findings are similar to those reported by Foy and coworkers (Foy et al., 2004) . If the decrease were strictly due to the increase in the relative amount of particulate-phase water on going from ISO to HCI conditions, one would expect the relative difference between ISO and HCI to be about the same for the KR2R4F and CIM-7 and somewhat greater for the KR1R5F. However, there was quite a difference in the responses between the KR2R4F and the CIM-7 on going from ISO to HCI conditions and this difference does not appear to be reflected in the smoke chemistry data shown in Table 5 .
The data in Table 4B show the results for the NRU assays on the GVP fractions. Based on the work with carbon filters (Kensler, 1969; Gori, 1976) , it is reasonable to expect that the main drivers of GVP cytotoxicity are acrolein and vapor-phase HCN. The CIM-7 did not give a reduction in GVP cytotoxicity in going from ISO to HCI conditions, but such a reduction was shown by both blended products. The smoke chemistry data for acrolein and vapor-phase HCN do not follow that trend.
The data in Table 4C show the results of the NRU assays for the mixtures of the TPM and GVP fractions. The cytotoxicities of these mixtures may be representative of the cytotoxicities of the whole MSS from which they are derived. In some cases, the EC 50 values for the TPM+GVP fraction are close to the arithmetic mean of the EC 50 values for the TPM and GVP fractions. In other cases, it is not. The Health Canada method specifies time limits between the end of smoke collection and the start of the NRU assay. These are 60 minutes for the TPM, GVP, and TPM+GVP fractions. These time limits were established after it was noted that the EC50 values were different when replicate smoke collections were held different lengths of time.
The differences in response between the TPM+GVP fractions from blended product and those from all flue-cured products may be the result of differing ratios of HCN to acrolein as well as the formation of cyanohydrins (see Discussion section). Table 5 shows data for HCN and several carbonyl compounds that were determined in the MSS of these cigarettes. It also shows the data expressed as a percentage of TPM as that is in effect how the smoke solutions used in the NRU assay are based. The data in Table 5 show that for the KR1R5F the concentration HCN in the TPM rose on going from ISO to HCI smoking conditions, but it fell for the KR2R4F and the CIM-7. For acetaldehyde, acetone, and formaldehyde, the percentage decrease in the concentrations of these compounds relative to TPM on going from ISO to HCI smoking conditions is more for the KR1R5F than it is for the other two cigarettes. However, for acrolein, the concentration decreases for all three cigarettes are about the same.
When comparing cytotoxicity data with chemistry data, one should remember that there are important differences between the collection of smoke for the determination of HCN and aldehydes and the collection of smoke for the determination of cytotoxicity. The typical determination of smoke aldehydes does not use a Cambridge pad because past work showed some of these compounds are retained on the pad (Sakuma et al., 1978) . The smoke is simply bubbled through impinger filled with an acidified solution of 2,4-dinitophenylhydrazine. For the determination of HCN, a Cambridge pad is used and the HCN collected on the pad is extracted with an alkaline solution and assayed separately from the HCN that passes through the pad and is collected in an impinger filled with a dilute solution of sodium hydroxide. On the other hand, for the determination of cytotoxicity, the TPM collected on the Cambridge pad is extracted with DMSO, while the volatiles in the gas-vapor phase passing through the Cambridge pad are collected in physiologically buffered saline. Thus, there could be unexpected changes in the concentrations of cytotoxic compounds on going from ISO to HCI smoking regimes.
Discussion
Numerous studies over the past decade have shown that some smokers take larger puffs and/or more frequent puffs than the FTC or ISO method specify and/or partially occlude filter ventilation (if present) (Borgerding and Klus, 2005) . Consequently, machine-smoking regimens such as those promulgated by the Massachusetts and Canada have been used to estimate the yields of smoke toxicants smokers may receive if they puff more intensively than called for in the FTC or ISO methods and/or occlude filter ventilation (Dixon and Borgerding, 2006) . Studies such as those reported by Counts and co-workers have documented how mainstream smoke yields change with cigarette design and smoking regimen (Counts et al., 2005) . However, it has only been recently that bioassays using these more intensive smoking conditions have been studied (Rickert et al., 2002; Appleton et al., 2003; Rickert et al., 2003 , Roemer et al., 2004 .
The results of research reported to date have shown that while intensive smoking conditions give higher TPM yields on a per cigarette basis, both the cytotoxicity and mutagenicity of the TPM is reduced when the results are reported on a per unit TPM basis. Our explanations of these phenomena follow.
Mutagenicity of TPM under ISO and HCI Conditions
In the present investigation, the most striking observation was the decrease in specific activity under "intensive" smoking. Consequently, it was of some interest to determine if the decrease could be related to changes in composition. From a mutagenicity standpoint, this relative increase may be related to the higher specific activity of condensates collected under ISO smoking conditions as noted earlier (see Table 2 ; ISO vs. HCI). This same pattern was noted when the chemical compositions of DPM from KR1R4F and the Virginia flue-cured product (i.e. the Canadian monitor cigarette, CIM-7) were compared. Particulate phase constituent concentrations (yield/mg DPM) were increased under ISO conditions relative to the Canadian monitor, as were the specific activities. For example, using the data of Counts et al. for the KR1R4F cigarette, the concentration of B[a]P in DPM is about 0.72 ng/mg at ISO conditions, but it drops to about 0.47 ng/mg under HCI conditions (Counts et al., 2005) .
Cytotoxicity of TPM, GVP, and TPM+GVP under ISO and HCI Conditions
While no study has been apparently published that identifies the major drivers of TPM cytotoxicity, it is not unreasonable to assume that formaldehyde along with the proportions of the HCN and acrolein remaining in the particulate phase are likely responsible for much of the cytotoxicity. It has been reported that the cytotoxicities of the TPM from the KR1R4F and the KR1R5F were not significantly different from the cytotoxicities of the TPM from many cigarettes on the US market (Putnam et al., 2001 ). Putnam and her colleagues found that the mean EC 50 values were 44.8 ± 12.3 g TPM/mL for full flavor products, 51.7 ± 11.7 g TPM/mL for lights products, and 38.5 ± 7.3 g TPM/mL for the ultralight products. Those findings imply that the cytotoxicity of TPM collected under FTC conditions does not appear to be influenced by the differences in blends and designs used in most US cigarettes. However, as shown in Tables 4A and 4B , there are unexpected changes when an all flue-cured cigarette is assayed or when the KR1R5F is assayed under HCI conditions. In this regard, it is important to remember that the MSS carbonyl determinations are done without the Cambridge pad because past work showed some of these compounds are retained on the pad (Sakuma et al., 1978) .
Conversely, the HCN determinations and the NRU assays are done with the Cambridge pad. Are there reactions on the Cambridge pad that may be affecting the results of the NRU assay?
If we refer to the extensive data set of smoke analytes published recently by Philip Morris scientists (Counts et al., 2005) , we find that the relative proportion of HCN found in the TPM decreases on going from ISO to HCI conditions. This is opposite to what would be predicted by gas-particle partitioning theory (Lauterbach, 2000) . What may be happening is that part of the HCN is reacting with aldehydes such as acetaldehyde and acetone to yield cyanohydrins (i.e., lactonitrile) as discussed earlier. Furthermore, Dube and Green noted that cyanohydrin formation increased as smoke pH increased (Dube and Green, 1982) . The cytotoxicities of these cyanohydrins in the NRU assay apparently have not been reported in the literature; however, they were tested in the KB cell cytotoxicity assay and found to be very toxic (Kensler, 1969) .
The most prevalent cyanohydrin in TPM is likely acetaldehyde cyanohydrin, which is also known as 2-hydroxypropanenitrile (or lactonitrile). It has been shown to be acutely toxic in several bioassays (Johannsen and Levinskas, 1986; OECD SIDS, 1994) . Another factor that may be leading to confusing information is that lactonitrile may not be completely hydrolyzed to cyanide during the assay procedure because it has some stability at pH 9 (OECD SIDS, 1994).
Thus, the decrease in KR1R5F TPM cytotoxicity on going from ISO to HCI smoking conditions may be due to a decrease in the concentrations of other cytotoxic substances (e.g., cyanohydrins) that outweigh the increase in the HCN concentration.
It is thought that much of the cytotoxic activity of the GVP is due mainly to hydrogen cyanide (HCN), acrolein, and related compounds as noted earlier. While these compounds cab be found in the GVP of the MSS aerosol, they also exist in the TPM. The presence of HCN in the TPM has been known for sometime (Nall, 1966) . Likewise, the presence of volatile carbonyl compounds in the TPM on the Cambridge pad had been established a decade later (Sakuma et al., 1978) . It is also known that acetaldehyde and other aldehydes in smoke can react with HCN to form cyanohydrins, one of which is lactonitrile (Dube and Green, 1982) . Lactonitrile, which has a boiling point over 200°C, can be formed by the reaction of HCN and acetaldehyde when smoke is collected on media such as activated carbon (Alford and Jonson, 1966) .
Very recently, a new type of puff-by-puff analysis was used on the MSS of the KR2R4F reference cigarette, and it was found that 40% of MSS acetaldehyde and acetone were found (by calculation) in the MSS particulate phase (Adam et al., 2006) . On the other hand, a lesser percentage of isoprene was found in the particulate phase. Thus, one might hypothesize that TPM cytotoxicity is either due to the cyanohydrins or to HCN and uncomplexed aldehydes (acrolein and formaldehyde, in particular) retained on the Cambridge pad. Indeed, there is evidence that points to cyanohydrins as a likely cause of the cytotoxicity. First, the cyanohydrins from acetaldehyde and acetone are much more toxic than other aliphatic nitriles (Johannsen and Levinskas, 1986) . Second, the cytotoxicity of these cyanohydrins has been compared with other MSS components thought to be associated with cytotoxicity (Kensler, 1969) . Based on both potency and likely amount present in smoke, Kensler estimated that they could be major contributors to smoke cytotoxicity. Taken together, these factors suggest that use of the Cambridge pad as specified in the Health Canada NRU method may be creating artifacts. The GVP fraction may also be subject to artifacts such as cyanohydrin formation. The GVP is trapped in aqueous media, and the trapped GVP could undergo cyanohydrin formation as reported by Dube and Green for the aqueous trapping of whole smoke (Dube and Green, 1982) .
These factors also suggest the need for more understanding of the cytotoxic agents and their concentrations in the smoke fractions used for the NRU assay.
Conclusions
In both the Ames assay for TPM mutagenicity and the NRU assays for TPM, GVP, and TPM+GVP cytotoxicities, results are generally expressed as activity per unit of TPM. In general, such a method of expressing the results of those bioassays results in higher biological activity being reported for MSS generated under ISO conditions that generated under HCI conditions. However, these decreases in biological activity are not simply caused by an increased dilution of the particulate matter by water on going from ISO to HCI smoking conditions. There are underlying effects related to differences in the relative amounts of pyrolysis products between the two smoking conditions, differences in gas-particle partitioning of semivolatile compounds that are not biologically relevant in the Ames and NRU assays, the influence of smoke-collection techniques for the NRU, but not the Ames, assays. Thus, the use of intensive smoking regimens results in reductions in biological activity when the results are reported on the basis of unit TPM values and may, in the case of the Health Canada NRU method, also yield results which are influenced by differences in smoke chemistry as a result of differing smoke collection systems.
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